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Abstract

Aim: This systematic review and meta-analysis aimed to critically appraised data from comparable studies leading to
quantitative assessment of any independent association between use of oral smokeless tobacco in any form, of betel quid
without tobacco and of areca nut with incidence of oral cancer in South Asia and the Pacific.

Methods: Studies (case control and/or cohort) were identified by searching Pub Med, CINAHL and Cochrane databases
through June 2013 using the keywords oral cancer: chewing tobacco; smokeless tobacco; betel quid; betel quid without
tobacco; areca nut; Asia, the Pacific and the reference lists of retrieved articles. A random effects model was used to
compute adjusted summary ORRE for the main effect of these habits along with their corresponding 95% confidence
intervals. To quantify the impact of between-study heterogeneity on adjusted main-effect summary ORRE, Higgins’ H and I2
statistics along with their 95% uncertainty intervals were used. Funnel plots and Egger’s test were used to evaluate
publication bias.

Results: Meta-analysis of fifteen case–control studies (4,553 cases; 8,632 controls) and four cohort studies (15,342) which
met our inclusion criteria showed that chewing tobacco is significantly and independently associated with an increased risk
of squamous-cell carcinoma of the oral cavity (adjusted main-effect summary for case- control studies ORRE = 7.46; 95%
CI = 5.86–9.50, P,0.001), (adjusted main-effect summary for cohort studies RR = 5.48; 95% CI = 2.56–11.71, P,0.001).
Furthermore, meta-analysis of fifteen case control studies (4,648 cases; 7,847 controls) has shown betel quid without
tobacco to have an independent positive association with oral cancer, with OR = 2.82 (95% CI = 2.35–3.40, P,0.001). This is
presumably due to the carcinogenicity of areca nut. There was no significant publication bias.

Conclusion: There is convincing evidence that smokeless (aka chewing) tobacco, often used as a component of betel quid,
and betel quid without tobacco, are both strong and independent risk factors for oral cancer in these populations. However,
studies with better separation of the types of tobacco and the ways in which it is used, and studies with sufficient power to
quantify dose-response relationships are still needed.
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Background

There are more than seventy species of tobacco, where

Nicotiana tabacum is the chief commercial crop. This was first

introduced into South Asia in the 1600s as a product to be smoked

and gradually became popular in many different smokeless forms

[1–3]. It was not known in Pacific communities before European

contact [4] and was introduced to Papua New Guinea by Malay

traders [5,6]. Tobacco in its various forms is frequently shared or

exchanged as a way to demonstrate generosity and promote

friendship as well as kinship ties in South Asia [2,7,8]. Other well-

known reasons for chewing tobacco are to seek pharmacologically

active stimulants from betel quid or from the tobacco itself to keep

chewers awake and/or to relieve stress [8,9]. Betel quid (BQ) with

tobacco, ‘‘khaini’’ (powdered tobacco and slaked lime paste,

sometimes with added areca nut) and ‘‘gutka’’ (processed and

packaged areca nut with added tobacco) are the most widely used

smokeless tobacco (ST) products in the Indian subcontinent (i.e.

Pakistan, Bangladesh and India) [10,11]. BQ, or ‘‘paan’’ as it is

known in the Indian language Hindi [12] is one of the four most

commonly used psychoactive substances, used by 600 million
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people around the world [8,12,13]. ‘BQ’/‘paan’ is normally

defined as ‘a substance, or mixture of substances, placed in the

mouth, usually wrapped in betel leaf (derived from the Piper Betel
vine) with at least one of two basic ingredients: i.e. with/without

tobacco and sliced fresh or dried areca nut (Areca catechu). The

latter is an indispensable ingredient of BQ. The leaves are

normally smeared with aqueous lime (calcium hydroxide: derived

from shells in coastal areas or from lime deposits inland) in raw or

any manufactured or processed form’ [14–16]. The use of lime

lowers the intraoral pH, enhancing the stimulant effect of the

nicotine in tobacco [17].

Oral cancer is a disease of multifactorial origin and risk factors

vary and operate differently for different population groups.

However, the established risk factors are: tobacco in its numerous

forms - smoking as well as smokeless/chewing tobacco; areca nut;

heavy consumption of alcohol; infection with human papilloma-

virus; and presence of oral potentially malignant disorders, all of

the above frequently having their effects in a background of diets

deficient in antioxidant vitamins and minerals [18–20].

In this paper, we define oral cancer as any malignant neoplasm

arising from the lining mucosae of the lips and mouth (oral cavity),

including the anterior two thirds of the tongue. This is defined by

the following ICD cancer diagnostic groups: lip and intra-oral sites

ICD-10 C00-C06 [21]. The major salivary glands [C07–08], the

tonsil [CO9], oropharynx [C10], nasopharynx [C11], pyriform

sinus [C12] and hypo-pharynx [C13] are excluded: [C14], ill-

defined sites, cannot be realistically considered [22]. Ninety-five

per cent of oral cancers are squamous cell carcinomas [23].

Oropharyngeal cancers have been excluded from this meta-

analysis in view of their significant association with human

papilloma-viruses.

Oral squamous cell carcinoma is more common among

countries of South Asia and the Pacific, than in Europe and

North America [23,24] although the spread of these habits

amongst the emigrant diaspora is a concern. It is the second most

common malignancy among males and sixth among females in the

South Asia region as a whole [25]. The highest incidence rates are

seen in Papua New Guinea (25.0 per 100,000 per annum),

followed by Melanesia as a whole (19.0 per 100,000), Maldives

(11.0 per 100,000), Sri Lanka (10.3 per 100,000), Bangladesh (9.4

per 100,000) and India (7.2 per 100,000) [26].

Aim
The aim of this systematic review with meta-analysis is to

critically appraise data from comparable studies, leading to a

quantitative summary of the role of ST in its all forms, here

designated as ST not otherwise specified (NOS) because of lack of

information on the precise nature of the unburned tobaccos

product in many published studies, and of betel quid without

tobacco, in the aetiology of oral cancer in South Asia and the

Pacific.

Figure 1. PRISMA strategy for Systematic review and meta-analysis of association of ST and BQ without tobacco with incidence of
oral cancer in South Asia and the Pacific.
doi:10.1371/journal.pone.0113385.g001
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Methods

We have followed the Preferred Reporting System for

Systematic Reviews (PRISMA) strategy, which specifies systematic

selection of articles (as described in detail elsewhere [27,28] in

addition to lessons learned from similar reviews in other fields [29–

31]. This meta-analysis is based on MOOSE guidelines: Meta-

analysis of Observational Studies in Epidemiology [32].

Search strategy
An extensive computer search of the literature was conducted,

including PubMed, CINAHL and Cochrane database. Specific

oral cancer sites corresponding to WHO ICD-10 codes C00-C06

were also searched for additional references [33]. Further,

reference lists of all full text articles were retrieved and examined

in order to obtain additional articles. The following search terms

were used: ‘(‘‘Chewing/Smokeless tobacco’’ OR ‘‘Paan’’ OR

‘‘Betel quid’’ OR ‘‘Oral snuff’’ OR ‘‘Khaini’’ OR ‘‘Gutka’’ OR

‘‘Areca nut’’ for exposure)’ AND ‘(‘‘Oral cancer’’ OR ‘‘Mouth

neoplasms’’ as outcome)’ AND ‘(‘‘India’’ OR ‘‘Taiwan’’ OR

‘‘Bangladesh’’ OR ‘‘Pakistan’’ OR ‘‘Sri Lanka’’ OR ‘‘Nepal’’ OR

‘‘South Asia’’ OR ‘‘Papua New Guinea’’ OR ‘‘the Pacific’’)’ as the

geographical boundary.

We also performed key-author and reference list searches in

order to capture all relevant studies, with no restriction on study

type or date of publication. Papers considered were those

published in English only.

Inclusion and exclusion criteria
1) reported original data published in a peer reviewed journal or

publicly available with study location, one or both gender

specified; 2) primary outcome was clearly defined as at least some

form of malignant neoplasm of lip or oral cavity (ICD10: C00–

C06); 3) exposure of interest was smokeless tobacco in any form:

(type of ST and whether or not this was combined with BQ was

often not given, hence our category of ST NOS) and/or ST with

other ingredients unspecified, and/or BQ without tobacco, and/or

areca nut alone, areca nut with ST, areca nut mixed with other

ingredients unspecified. We found no case-control or cohort

studies which explored an association between areca nut alone and

oral cancer; 4) sample size was more than 50 cases in a case-

control study; 5) provided odds ratios (OR) for case-control studies,

or relative risks (RR) for cohort studies, along with their

corresponding 95% confidence interval (CI) estimates (or pertinent

data for 95% CI computation) as a measure of association between

use of ST in its all forms (ST NOS), which therefore includes

habitués of BQ plus tobacco, and for BQ without tobacco and its

association with oral cancer, adjusted for any of the effects either

tobacco smoking, and/or alcohol drinking, age, socioeconomic

measures such as education, in the study design or through

multivariable logistic regression analysis; 6) results published in

English language up to June 2013 and 7) if multiple studies from

the same database were published, that with larger sample size and

with the highest number of confounders accounted for in the

multivariable model were included in our meta-analysis. Because

of the absence of much of the above detail in published studies we

were forced to create only two categories for meta-analysis, these

being ST NOS (which will encompass BQ with tobacco), and BQ

without tobacco. We are not aware of any relevant publications

since the middle of 2013.

Studies were excluded for the following reasons: 1) studies

conducted in the United States of America or Europe; 2) cross-

sectional study designs, surveys, case reports, qualitative studies or

reviews/meta-analyses; 3) studies with insufficient power (less than
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Figure 2. Meta-analysis of case-control studies: ST NOS use and incidence of oral cancer.
doi:10.1371/journal.pone.0113385.g002

Figure 3. Meta-analysis of case-control studies: BQ without tobacco use and incidence of oral cancer.
doi:10.1371/journal.pone.0113385.g003

Meta-Analysis of Smokeless Tobacco and Betel Quid with Oral Cancer

PLOS ONE | www.plosone.org 6 November 2014 | Volume 9 | Issue 11 | e113385



five expected exposed cases), appropriate risk estimates and 95%

CIs not reported or could not be computed from the available

data; 4) unrelated studies, such as pathological and physiological

studies on the association between smokeless tobacco and oral

cancer; and 5) cohort studies based on mortality of oral cancer and

its association with smokeless tobacco in any form [34,35].

Data extraction and Quality assessment
The selection process of studies was performed independently

by two reviewers (BG and NWJ). The review process encompassed

three phases. Consistent with the Cochrane guidelines [36] we

chose to err on the safe side during the selection process. Initially,

papers were first reviewed based on their titles, followed by study

of their abstracts. Those judged to be relevant based on their

abstracts were then studied in detail and relevant data gathered.

The quality of all publications was assessed based on the STROBE

checklist [37].

Details from each article were abstracted by two authors using

standardized extraction forms [36]. In case of disagreement,

discussion ensued to consensus. We abstracted characteristics

relating to the study, type of exposure, health outcome and issues

relating to analysis. Where possible, separate effect estimates were

obtained for gender for individuals who chew betel quid without

tobacco. Estimates for ever-exposure were preferred to crude

estimates and where multiple adjusted estimates were available,

estimates adjusted for the most potential confounding variables

were used.

Crude effect size estimates were derived from the relevant 262

table using standard methods, where they were not clearly stated

by the authors [38].

Data synthesis and Meta-analysis
We carried out a meta-analysis under the random effects model

which produces results that generalize to a range of populations

[39]. For the effect size estimate, standard error of its logarithm

was calculated from its reported or estimated confidence interval,

assuming that the effect size was log-normally distributed. The

logarithms of the effect sizes and their corresponding standard

errors formed the data points for random effects meta-analysis

[40]. Separate sets of meta-analysis were carried out for case-

control studies (ST NOS and for BQ without tobacco use) and

cohort studies (ST NOS) in relation to incidence of oral cancer.

Assessment of Heterogeneity and publication bias
We used a statistical package (Comprehensive meta-analysis

version 2) to calculate the summary effect estimate and 95%

confidence intervals to test for heterogeneity [41]. For each

analysis, within group, heterogeneity was assessed by Cochran’s Q

statistic (measure of weighted square deviations), with N-1 degrees

of freedom (where N is the number of studies), result of statistical

test based on Q statistic, between studies variance (T2) and ratio of

the true heterogeneity to total observed variation (I2). Begg’s test

was used to determine the presence of publication bias. Funnel

plots were used to assess publication bias [42,43].

Assessment of subgroup analyses
Subgroups were defined by type of study design (case-control or

cohort), habit type (ST NOS and BQ without tobacco) and by

gender (males and females), study period, cancer site and by

whether or not the estimate was reported by the author or derived

by us.

Results

A total of 3,865 articles were retrieved. After excluding

duplicates, 2,794 remained. After studying titles and abstracts,

84 articles were assessed for eligibility. Considering the inclusion

and exclusion criteria for selection of manuscripts as described

above, twenty four studies were considered for systematic review

and nineteen studies were finally able to be included in the meta-

analysis (fifteen case-control and four cohort studies as shown in

Figure 1).

Figure 4. Meta-analysis of cohort studies: ST NOS use and incidence of oral cancer.
doi:10.1371/journal.pone.0113385.g004
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Characteristics of the included and excluded studies
All the studies (twenty one case- control and four cohort studies)

included for systematic review represent data from South Asia and

the Pacific and are presented in Tables 1and 2. Most of these have

been conducted in India [15,16,44–56], one from Pakistan [57]

three from Taiwan [58–60] and one from Papua New Guinea

[61]. Sample sizes ranged from 79 to 2005.

Among cohort studies, two each were from India [62,63] and

Taiwan [64,65]. There were three cohort studies exclusively for

males with two from Taiwan [64,65]; and one from India [62].

There was only one cohort study from India with data exclusively

on females [63]. The sample size of cohort studies ranged from

8,356 to 177,271.

Reasons for exclusion of studies from meta-analysis [66] were:

retrospective hospital based review [69,70]; adjusted OR and

statistical analyses were not clearly stated or it was not possible to

compute the effect estimate from the information given [54,71–

73]; and the sample size of a case-control study was less than 50

[58]. Further cohort studies which reported hazard ratio as an

expression of mortality rate from oral cancer were also excluded

[34,35,74]. For further information please refer to Table S2.

For studies in which effect estimates in terms of OR for case-

control and RR for cohort studies were not available

[48,50,53,67,68] these were calculated by constructing two by

two tables and using the software MedCalc available at http://

www.medcalc.org/calc/odds_ratio.php. Where two or more

studies were published from the same database, that with the

largest sample size and with the highest number of confounders in

the multivariate model was used [16,51,52].

Reported primary outcome: Smokeless tobacco (NOS)
and incidence of oral cancer: case-control studies

Fourteen studies with total sample size of 4,553 cases and 8,632

controls were included in meta-analysis. Under the random effects

model, the overall estimate for males and females combined

together was ORRE = 7.46 (95% CI = 5.86–9.50, P,0.001) which

indicates a very strong association [30]. The test for heterogeneity

produced Tau square of 0.12, Q = 52.06, I2 = 75.03%, test for

overall effect z = 16.29 (Figure 2).

Reported primary outcome: Betel quid without tobacco
and incidence of oral cancer: case-control studies

Fifteen case-control studies with total sample size of 4,648 cases

and 7,847 controls, when stratified on the basis of gender,

demonstrate a positive relationship between betel quid without

tobacco and incidence of oral cancer. Under the random effects

model, the total summary effects computed were ORRE = 2.82

(95% CI = 2.35–3.40, P,0.001). The test for heterogeneity

described Tau square = 0.26, Q = 37.6, df = 14, I2 = 62.77%, test

for overall effect z = 7.03. This I2 value is indicative of substantial

heterogeneity among the studies (Figure 3).

However, where results when stratified by gender one study

reported little or no association between betel quid without

tobacco and incidence of oral cancer for females [15], one study

for males [46] and one for females and males combined [49]. On

the other extreme, a study reported odds of exposure of females

using betel quid without tobacco and their related incidence of

oral cancer to be sixteen times higher. However, the reported

confidence intervals in this study, 4.77–56.50, were too wide to

Figure 5. Publication bias for case-control studies illustrating the relationship between ST NOS and incidence of oral cancer.
doi:10.1371/journal.pone.0113385.g005
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support the precision of evidence in the study, which may be due

to small sample size/relative weight and insufficient power [75]

(Figure 3).

Reported primary outcome Smokeless tobacco (NOS)
and incidence of oral cancer: cohort studies

Four cohort studies with a total sample size of 163,430 showed a

positive relationship between ST NOS and incidence of oral

cancer. Under the random effects model, the overall estimate for

males and females combined together was RR = 5.48 (95%

CI = 2.57–11.71, P,0.001). The test for heterogeneity described

Tau square = 0.43 indicating homogeneous results, Q = 15.341,

I2 = 80.445, test for overall effect z = 4.395. This I2 value is

suggestive of considerable heterogeneity (Figure 4).

Common intra-oral sub-sites for cancer
Most studies reported intra-oral sub-site for cancer, some did

not [58,61,71]. Studies from India report buccal mucosa as the

most common sub-site [15,16,44,53], followed by tongue [15], the

least frequent site being lip unspecified. Similarly, buccal mucosa

and tongue were the most common sites of oral cancer observed in

Taiwan in association with these habits [59,76] (Table 3).

Sensitivity analyses
To explore the reasons for the observed heterogeneity,

sensitivity analyses were performed by grouping studies that

showed more similar characteristics, such as similar cases

according to ICD-10 codes, cases restricted to exposure to betel

quid without tobacco, those that presented disaggregated data by

sex, or those that were adjusted for a core of variables, such as age,

sex, cigarette smoking, and alcohol consumption. Finally, we

investigated the effect of the poor-quality studies on the overall

effect size by performing a sensitivity analysis on the results by 2

subgroups, which were based on individual scores above or below

the median. For each estimate included, the value of Q2 is

calculated by w (x - x–) 2, where w is the inverse-variance weight, x is

the logarithm of the effect size and x– its mean. Q2 is the

contribution of the estimate to the heterogeneity chi-squared

statistic. Where there is significant (P,0.05) heterogeneity of

estimates, sensitivity to potentially outlying estimates is tested by

removing that with the largest Q2 value and rerunning the

analyses. This process was continued until there was no longer

significant heterogeneity [77].

Publication bias
The symmetrical funnel plot for ST NOS, BQ without tobacco

and incidence of oral cancer from included case- control and

cohort studies indicates that there is no publication bias in our

meta-analysis. The publication bias is illustrated in Figure 5, 6 and

7.

Egger regression procedures were further used to test for bias

[78,79]. Egger’s regression intercept was 0.49, standard error

= 0.91, 95% confidence interval (CI) were 1.51–2.49, t = 0.53,

df = 12 and P-value = 0.60 (Figure 5). Egger’s regression intercept

was 2.20, standard error = 0.90, 95% CI were 0.26–4.15, t = 2.45,

Figure 6. Publication bias for case-control studies illustrating the relationship between BQ without tobacco and incidence of oral
cancer.
doi:10.1371/journal.pone.0113385.g006

Meta-Analysis of Smokeless Tobacco and Betel Quid with Oral Cancer

PLOS ONE | www.plosone.org 10 November 2014 | Volume 9 | Issue 11 | e113385



df = 13 and P-value = 0.03 (Figure 6). Egger’s regression intercept

was 3.62, standard error = 1.286, 95% CI were 1.19–9.16,

t = 2.82, df = 2 and P-value = 0.05 (Figure 7).

Discussion

After reviewing all the included observational studies from

India, Pakistan, Taiwan and Papua New Guinea exploring the

relationship between oral cancer and ST NOS as well as BQ

without tobacco, this meta-analysis supports the view that ST

NOS and BQ without tobacco are associated with increased risk

for oral cancer.

An association between BQ chewing and oral cancer was first

identified in 1933 based on a study of 100 oral cancer patients in

India [80]. This was later supported by many other studies from

Malaysia, Taiwan and the Pacific [54,81–84]. Studies mainly from

South Asia have reported the risk of oral cancer and the use of oral

tobacco in various forms including ‘‘paan’’ with and without

tobacco [15,34,44 51,53, 55,56,71,73, 85–87]. These studies have

shown that the tobacco chewing habit increases the risk of oral

cancer by seven fold as compared to non- chewers. However, some

studies have reported relatively non-significant associations

between chewing BQ without tobacco and incidence of oral

cancer [15,46,49].

The magnitude of risk of oral cancer associated with chewing

BQ without tobacco was much higher in Taiwan (mRR, 10.98)

than in the Indian subcontinent (mRR, 2.56). This difference may

be due to a larger number of quids consumed per day in Taiwan,

but also due to region-specific variations in the preparation of betel

quid, specifically in the type of areca nut chewed (e.g., preparation,

ripeness) as well as the type of slaked lime added. A case-control

study from Thailand reported that, among all components of the

betel quid, the presence in the quid of red slaked lime had the

strongest effect on the risk of oral cancer (OR,10.67; 95%

CI = 2.27–50.08) [88].

In Taiwan, generally males who chewed BQ without tobacco

were 24 times at a greater risk of developing oral cancer than those

who did not chew BQ without tobacco [12,60,89–91]. In addition,

almost all (88%) BQ chewers were smokers, consistent with

findings of previous studies conducted in Taiwan [65,76,92].

In the Pacific, betel quid is usually consumed without ST, e.g. in

Melanesia, whereas parts of the Federated States of Micronesia

and in Cambodia, tobacco is usually added [7] with smoking also a

common habit.

A linear dose response relationship was observed between

number of tobacco quids chewed per day and the risk of oral

cancer [15,44,49,50]. This risk increases by nearly thirteen times

with increase in duration from 30 to 40 years of chewing tobacco

among both sexes. The trend observed is not linear for both the

sides of mouth [15,16,49]. A study in Taiwan demonstrated that

retaining and subsequently swallowing betel quid juice (saliva

extract of betel quid produced by chewing) and including

unripened betel fruit in the quid both seemed to enhance the

risks of contracting oral cancer by eleven times [76]. Several other

studies reveal a dose: response relationship between chewing

tobacco and oral cancer [35,47,62,63,67].

A recently published meta-analysis also explores the relationship

between betel quid chewing and risk of oral and oropharyngeal

Figure 7. Publication bias for cohort studies illustrating the relationship ST NOS and incidence of oral cancer.
doi:10.1371/journal.pone.0113385.g007
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cancers [93]. Our results are consistent with this paper in several

ways, for example: betel quid without added tobacco in addition to

smokeless tobacco in its all forms causes cancer of the oral cavity in

humans; there is a clear demonstration of increasing risk of oral

cancer with increasing duration of ST NOS and of BQ without

tobacco, strengthening the evidence of causality. Similarly, we

found significantly higher risks in women than in men for BQ

without tobacco studies in the Indian subcontinent. This suggests

that women could be more susceptible than men to develop betel

quid-induced oral cancer or could reflect different use patterns. It

is probable that women may chew more quids per day. Buccal

mucosa in our and the Guha et al paper was reported as the most

common sub-site for oral cancer, the site where betel quid is

usually placed and retained by the chewers. Furthermore, our

meta-analysis has clearly separated the role of smokeless tobacco

in all its forms from that of betel quid chewing without tobacco. It

is clear that it is ST itself which is the major carcinogen in these

communities.

Limitations
Most studies did not use WHO ICD-10 codes, so the cancer

sites associated with particular habits are imprecise

[48,53,54,57,59,64,65]. Although tobacco chewing is common

amongst women in India, Taiwan and Papua New Guinea,

however, very few studies have reported information on oral

cancer in women. Similarly, some studies [46,66] reported

consumption of chewing tobacco and/or of betel quid without

tobacco as a multivariate variable (current, ever, ex-chewer,

never). This inconsistent exposure assessment might have been

further exacerbated by almost unavoidable recall bias in case-

control studies. Studies conducted for betel quid without tobacco

and incidence for oral cancer showed heterogeneity. Where

possible, we explored this further using sensitivity analysis of the

effects of excluding outlying studies [42]. Very few studies

consistently evaluated graded doses and duration of consumption

of ST which would have provided evidence of dose response

relationship. Studies included in this meta-analysis varied in

number and type of confounding variables and methods used to

account for confounding. Therefore, residual confounding in the

effect estimates cannot be ruled out. Uniformity in these

methodological aspects would have provided un-biased effect

estimates - an issue which needs to be addressed in future research.

Conclusions
This meta-analysis clearly shows that ST NOS and BQ without

tobacco are risk factors for oral cancers in Asia and the Pacific. For

ST NOS there are sufficient studies which have adjusted for

confounding by smoking and alcohol consumption, to show that

the risk remains increased significantly across all intra-oral

subsites: males are affected predominantly. Control of ST NOS

and BQ without tobacco must remain an integral part of tobacco

control in any public health strategy. Furthermore, governments

around the world should prohibit the import of all ST products.

Supporting Information

Table S1 PRISMA checklist.

(DOC)

Table S2 Reason for excluding studies from meta-
analysis.

(DOCX)

Author Contributions

Performed the experiments: None. None. Conceived and designed the

experiments: BG NWJ. Analyzed the data: BG NWJ. Contributed

reagents/materials/analysis tools: BG NWJ. Wrote the paper: BG NWJ.

References

1. Gupta PC, Ray CS (2003) Smokeless tobacco and health in India and South

Asia. Respirology 8: 419–431.

2. Bhonsle RB, Murti PR, Gupta PC (1992) Tobacco habits in India. In: Control of

tobacco-related cancers and other diseases. Proceedings of an international
symposium. In: Gupta PC, Hamner JEIII, Murti PR, editors.Bombay: Oxford

University Press. 25–46.

3. Pietrusewsky M, Douglas MT, Ikehara-Quebral RM (1997) An assessment of

health and disease in the prehistoric inhabitants of the Mariana Islands.
Am J Phys Anthropol 104: 315–342.

4. Marshall M (1990) Combining insights from epidemiological and ethnographic

data to investigate substance use in Truk, Federated States of Micronesia.
Br J Addict 85: 1457–1468.

5. Brady M (2002) Historical and cultural roots of tobacco use among Aboriginal
and Torres Strait Islander people. Aust NZJ Public Health 26: 120–124.

6. Hay TE (2003) ‘They Are Beginning to Learn the Use of Tobacco. Cultural

Context and the Creation of a Passion in Colonial Papua New Guinea’. In:

Jankowiak, Bradburd D, editors.In Drugs, Labor, and Colonial Expansion,
eds.Tucson: University of Arizona Press. 59–71.

7. World Health Organization (2012) Review of areca (betel) nut and tobacco use

in the Pacific: a technical report. Regional Office for the Western Pacific.

8. IARC (2004). Betel-quid and areca-nut chewing and some areca-nut derived

nitrosamines. IARC Monogr Eval Carcinog Risks Hum 85: 1–334

9. Winstock A (2002) Areca nut-abuse liability, dependence and public health.

Addict Biol 7: 133–138.

10. World Health Organization (2009–2010), regional Office for South- East Asia.
Global Adult Tobacco Survey (GATS): India Country Report. New Delhi.

11. Stanfill SB, Connolly GN, Zhang L, Jia LT, Henningfield JE, et al. (2011)

Global surveillance of oral tobacco products: total nicotine, unionised nicotine

and tobacco-specific N-nitrosamines. Tob Control 20: 2.

12. Mack TM (2001) The new pan-Asian paan problem. Lancet 357: 1638–1639.

13. Herzog TA, Murphy KL, Little MA, Suguitan GS, Pokhrel P, et al. (2014) The

Betel Quid Dependence Scale: replication and extension in a Guamanian
sample. Drug Alcohol Depend 138: 154–160.

14. Lee CH, Ko AM, Warnakulasuriya S, Yin BL, Sunarjo, et al. (2011)

Intercountry prevalences and practices of betel-quid use in south, southeast

and eastern Asia regions and associated oral preneoplastic disorders: an

international collaborative study by Asian betel-quid consortium of south and

east Asia. Int J Cancer 129: 1741–1751.

15. Nandakumar A, Thimmasetty KT, Sreeramareddy NM, Venugopal TC,

Rajanna, et al. (1990) A population-based case-control investigation on cancers
of the oral cavity in Bangalore, India. Br J Cancer 62: 847–851.

16. Sankaranarayanan R (1990) Oral cancer in India: an epidemiologic and clinical

review. Oral Surg Oral Med Oral Pathol 69: 325–330.

17. Cawte J (1985) Psychoactive substances of the South Seas: betel, kava and pituri.

Aust NZJ Psychiatry 19: 83–87.

18. Gupta B, Ariyawardana A, Johnson NW (2013) Oral cancer in India continues
in epidemic proportions: evidence base and policy initiatives. Int Dent J 63: 12–

25.

19. Khalili J (2008) Oral Cancer: Risk factors, prevention and diagnostic.

Experimental Oncology 30: 259–264.

20. Nair U, Bartsch H, Nair J (2004) Alert for an epidemic of oral cancer due to use

of the betel quid substitutes gutkha and pan masala: a review of agents and
causative mechanisms. Mutagenesis 19: 251–262.

21. Moore SR, Pierce AM, Wilson DF (2000) ‘Oral cancer’–the terminology

dilemma. Oral Diseases 6: 191–193.

22. World Health Organization (2007) International Classification of Diseases:

Malignant neoplasms of lip, oral cavity and pharynx.

23. Johnson NW, Jayasekara P, Amarasinghe A (2011) Squamous cell carcinoma

and precursor lesions of the oral cavity: epidemiology and aetiology. Periodontol
2000 57: 19–37.

24. Warnakulasuriya S (2009) Global epidemiology of oral and oropharyngeal

cancer. Oral Oncol 45: 309–316.

25. Johnson NW, Amarasinghe AAHK (2011) Epidemiology and Aetiology of Head

and Neck Cancer. In: Jacques Bernier, editor. Head and Neck Cancer:
Multimodality Management: Springer/Humana Press. 1–40.

26. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, et al. (2012) Cancer

Incidence and Mortality Worldwide. In: GLOBOCAN v1.0 ICNI, editor. Lyon,

France: International Agency for Research on Cancer.

27. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, et al. (2009) The
PRISMA statement for reporting systematic reviews and meta-analyses of studies

that evaluate health care interventions: explanation and elaboration. J Clin

Epidemiol 62: 1–34.

Meta-Analysis of Smokeless Tobacco and Betel Quid with Oral Cancer

PLOS ONE | www.plosone.org 12 November 2014 | Volume 9 | Issue 11 | e113385



28. Sutton AJ, Abrams KR, Jones DR, Sheldon TA, Song F (1998) Systematic
reviews of trials and other studies. Health Technol Assess 2: 1–276.

29. Kakde S, Bhopal RS, Jones CM (2012) A systematic review on the social context
of smokeless tobacco use in the South Asian population: implications for public

health. Public Health 126: 635–645.

30. Thomas SJ, Bain CJ, Battistutta D, Ness AR, Paissat D, et al. (2007) Betel quid

not containing tobacco and oral cancer: a report on a case-control study in

Papua New Guinea and a meta-analysis of current evidence. Int J Cancer 120:
1318–1323.

31. Gross AJ, Lackland DT, Tu DS (1995) Oral cancer and smokeless tobacco:
Literature Review and Meta Analysis. Environ Int 21: 381–394.

32. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, et al. (2000) Meta-
analysis of observational studies in epidemiology: a proposal for reporting. Meta-

analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA
283: 2008–2012.

33. Horsley T, Dingwall O, Sampson M (2011) Checking reference lists to find
additional studies for systematic reviews. Cochrane Database Syst Rev:

MR000026.

34. Gupta PC, Pednekar MS, Parkin DM, Sankaranarayanan R (2005) Tobacco

associated mortality in Mumbai (Bombay) India. Results of the Bombay Cohort

Study. Int J Epidemiol 34: 1395–1402.

35. Pednekar MS, Gupta PC, Yeole BB, Hebert JR (2011) Association of tobacco

habits, including bidi smoking, with overall and site-specific cancer incidence:
results from the Mumbai cohort study. Cancer Causes Control 22: 859–868.

36. Higgins JPT, Green S eds (2006) Cochrane handbook for systematic reviews of
interventions. Issue 4, Chichester, U K: John Wiley & Sons, Ltd.

37. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, et al. (2007) The
Strengthening the Reporting of Observational Studies in Epidemiology

(STROBE) statement: guidelines for reporting observational studies. Lancet
370: 1453–1457.

38. Sturmer T, Brenner H (2001) Degree of matching and gain in power and

efficiency in case-control studies. Epidemiology 12: 101–108.

39. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin

Trials 7: 177–188.

40. Fleiss JL, Gross AJ (1991) Meta-analysis in epidemiology, with special reference

to studies of the association between exposure to environmental tobacco smoke
and lung cancer: a critique. J Clin Epidemiol 44: 127–139.

41. Michael B, Larry H, Julian H, Hannah R Comprehensive Meta-Analysis
Version 2. Available at http://www.meta-analysis.com/index.php

42. Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003) Measuring
inconsistency in meta-analyses. BMJ 327: 557–560.

43. Armitage P, Berry G (1994.) Statistical methods in medical research 3rd edition.
Oxford: Blackwell Publishing.

44. Hirayama T (1966) An epidemiological study of oral and pharyngeal cancer in
Central and South-East Asia. Bull World Health Organ 34: 41–69.

45. Madani AH, Dikshit M, Bhaduri D (2012) Risk for oral cancer associated to
smoking, smokeless and oral dip products. Indian J Public Health 56: 57–60.

46. Muwonge R, Ramadas K, Sankila R, Thara S, Thomas G, et al. (2008) Role of
tobacco smoking, chewing and alcohol drinking in the risk of oral cancer in

Trivandrum, India: a nested case-control design using incident cancer cases.

Oral Oncol 44: 446–454.

47. Znaor A, Brennan P, Gajalakshmi V, Mathew A, Shanta V, et al (2003)

Independent and combined effects of tobacco smoking, chewing and alcohol
drinking on the risk of oral, pharyngeal and esophageal cancers in Indian men.

Int J Cancer 105: 681–686.

48. Balaram P, Sridhar H, Rajkumar T, Vaccarella S, Herrero R, et al. (2002) Oral

cancer in southern India: the influence of smoking, drinking, paan-chewing and
oral hygiene. Int J Cancer 98: 440–445.

49. Dikshit RP, Kanhere S (2000) Tobacco habits and risk of lung, oropharyngeal
and oral cavity cancer: a population-based case-control study in Bhopal, India.

Int J Epidemiol 29: 609–614.

50. Wasnik KS, Ughade SN, Zodpey SP, Ingole DL (1998) Tobacco consumption
practices and risk of oro-pharyngeal cancer: a case-control study in Central

India. Southeast Asian J Trop Med Public Health 29: 827–834.

51. Sankaranarayanan R, Duffy SW, Day NE, Nair MK, Padmakumary G (1989) A

case-control investigation of cancer of the oral tongue and the floor of the mouth
in southern India. Int J Cancer 44: 617–621.

52. Sankaranarayanan R, Duffy SW, Padmakumary G, Day NE, Padmanabhan
TK (1989) Tobacco chewing, alcohol and nasal snuff in cancer of the gingiva in

Kerala, India. Br J Cancer 60: 638–643.

53. Jussawalla DJ, Deshpande VA (1971) Evaluation of cancer risk in tobacco

chewers and smokers: an epidemiologic assessment. Cancer 28: 244–252.

54. Wahi PN (1965) The epidemiology of oral anc oropharyngeal cancer. A report

of the study in Mainpuri district, Uttar Pradesh, India. Bull World Health Organ

38: 495–521.

55. Shanta V, Krishnamurthi S (1963) Further study in aetiology of carcinomas of

the upper alimentary tract. Br J Cancer 17: 8–23.

56. Shanta V, Krishnamurthi S (1959) A study of aetiological factors in oral

squamous cell carcinoma. Br J Cancer 13: 381–388.

57. Merchant A, Husain SS, Hosain M, Fikree FF, Pitiphat W, et al. (2000) Paan

without tobacco: an independent risk factor for oral cancer. Int J Cancer 86:
128–131.

58. Chen PC, Kuo C, Pan CC, Chou MY (2002) Risk of oral cancer associated with
human papillomavirus infection, betel quid chewing, and cigarette smoking in

Taiwan - an integrated molecular and epidemiological study of 58 cases. J Oral

Pathol Med 31: 317–322.

59. Lu CT, Yen YY, Ho CS, Ko YC, Tsai CC, et al. (1996) A case-control study of

oral cancer in Changhua County, Taiwan. J Oral Pathol Med 25: 245–248.

60. Ko YC, Chiang TA, Chang SJ, Hsieh SF (1992) Prevalence of betel quid

chewing habit in Taiwan and related sociodemographic factors. J Oral Pathol

Med 21: 261–264.

61. Thomas SJ, Harris R, Ness AR, Taulo J, Maclennan R, et al. (2008) Betel quid

not containing tobacco and oral leukoplakia: a report on a cross-sectional study

in Papua New Guinea and a meta-analysis of current evidence. Int J Cancer

123: 1871–1876.

62. Jayalekshmi PA, Gangadharan P, Akiba S, Koriyama C, Nair RR (2011) Oral

cavity cancer risk in relation to tobacco chewing and bidi smoking among men

in Karunagappally, Kerala, India: Karunagappally cohort study. Cancer Sci

102: 460–467.

63. Jayalekshmi PA, Gangadharan P, Akiba S, Nair RR, Tsuji M, et al. (2009)

Tobacco chewing and female oral cavity cancer risk in Karunagappally cohort,

India. Br J Cancer 100: 848–852.

64. Yen TT, Lin WD, Wang CP, Wang CC, Liu SA (2008) The association of

smoking, alcoholic consumption, betel quid chewing and oral cavity cancer: a

cohort study. Eur Arch Otorhinolaryngol 265: 1403–1407.

65. Lin WJ, Jiang RS, Wu SH, Chen FJ, Liu SA (2011) Smoking, alcohol, and betel

quid and oral cancer: a prospective cohort study. J Oncol 2011: 525976.

66. Berman NG, Parker RA (2002) Meta-analysis: neither quick nor easy. BMC

Med Res Methodol 2: 10.

67. Znaor A, Brennan P, Gajalakshmi V, Mathew A, Shanta V, et al. (2003)

Independent and combined effects of tobacco smoking, chewing and alcohol

drinking on the risk of oral, pharyngeal and esophageal cancers in Indian men.

Int J Cancer 105: 681–686.

68. Sankaranarayanan R, Duffy SW, Padmakumary G, Day NE, Krishan Nair M

(1990) Risk factors for cancer of the buccal and labial mucosa in Kerala,

southern India. J Epidemiol Community Health 44: 286–292.

69. Bile KM, Shaikh JA, Afridi HU, Khan Y (2010) Smokeless tobacco use in

Pakistan and its association with oropharyngeal cancer. East Mediterr Health J

16: S24–30.

70. Sanghvi LD, Rao KC, Khanolkar VR (1955) Smoking and chewing of tobacco

in relation to cancer of the upper alimentary tract. BMJ 1: 1111–1114.

71. Goud ML, Mohapatra SC, Mohapatra P, Gaur SD, Pant GC, et al. (1990)

Epidemiological correlates between consumption of Indian chewing tobacco and

oral cancer. Eur J Epidemiol 6: 219–222.

72. Shanta V, Krishnamurthi S (1964) Further studies in etiology of carcinomas of

the upper alimentary tract. Acta Unio Int Contra Cancrum. 20: 586–594.

73. Ghosh S, Shukla HS, Mohapatra SC, Shukla PK (1996) Keeping chewing

tobacco in the cheek pouch overnight (night quid) increases risk of cheek

carcinoma. Eur J Surg Oncol 22: 359–360.

74. Wen CP, Tsai MK, Chung WS, Hsu HL, Chang YC, et al. (2010) Cancer risks

from betel quid chewing beyond oral cancer: a multiple-site carcinogen when

acting with smoking. Cancer Causes Control 21: 1427–1435.

75. Balaram P, Sridhar H, Rajkumar T, Vaccarella S, Herrero R, et al (2002) Oral

cancer in southern India: the influence of smoking, drinking, paan chewing and

oral hygiene. Int J Cancer 98: 440–445.

76. Ko YC, Huang YL, Lee CH, Chen MJ, Lin LM, et al. (1995) Betel quid

chewing, cigarette smoking and alcohol consumption related to oral cancer in

Taiwan. J Oral Pathol Med 24: 450–453.

77. Copas J, Shi JQ (2000). Meta-analysis, funnel plots and sensitivity analysis.

Biostatistics 1: 247–62.

78. Sterne JA, Egger M (2001). Funnel plots for detecting bias in meta-analysis:

guidelines on choice of axis. Journal of clinical epidemiology 54: 1046–55.

79. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis

detected by a simple, graphical test. BMJ 315: 629–634.

80. Orr IM (1933) Oral cancer in betel nut chewers in Travancore; its aetiology,

pathology and treatment. Lancet: 575–580.

81. Marsden AT (1960) Betel cancer in Malaya. Med J Malaya 14: 162–165.

82. Davies GN (1963) Social customs and habits and their effect on oral disease.

J Dent Res 2: 209–232.

83. Atkinson L, Chester IC, Smyth FG, Ten S (1964) Oral cancer in Papua New

Guinea. A study in demography and etiology. Cancer 17: 1289–1298.

84. Singh AD, von Essen CF (1966) Buccal mucosa cancer in South India. Etiologic

and clinical aspects. Am J Roentgenol Radium Ther Nucl Med 96: 6–14.

85. Ellis AG (1921) Betel nut chewing and its effects, including cancer of the mouth.

Arch Intern Med 28.

86. Davidson J (1923) Betel chewing and cancer BMJ 2: 733–34.

87. Jayant K, Balakrishnan V, Sanghvi LD, Jussawalla DJ (1977) Quantification of

the role of smoking and chewing tobacco in oral, pharyngeal, and oesophageal

cancers. Br J Cancer 35: 232–235.

88. Loyha K, Vatanasapt P, Promthet S, Parkin DM (2012). Risk factors for oral

cancer in northeast Thailand. Asian Pac J Cancer Prev 13: 5087–90.

89. Lin YS, Jen YM, Wang BB, Lee JC, Kang BH (2005) Epidemiology of oral

cavity cancer in Taiwan with emphasis on the role of betel nut chewing.

Otorhinolaryngol Relat Spec 67: 230–236.

90. Gupta PC, Warnakulasuriya S (2002) Global epidemiology of areca nut usage.

Addict Biol 7: 77–83.

Meta-Analysis of Smokeless Tobacco and Betel Quid with Oral Cancer

PLOS ONE | www.plosone.org 13 November 2014 | Volume 9 | Issue 11 | e113385

http://www.meta-analysis.com/index.php


91. Yen LL, Lu DL, Lee LA, Huang MW, Teng HL (1995) An investigation of

healthy behaviors in Taiwanese adult: distribution, factor structure and related
factors. Chinese Journal of Public Health 14: 358–368.

92. Shiu MN, Chen TH (2004) Impact of betel quid, tobacco and alcohol on three-

stage disease natural history of oral leukoplakia and cancer: implication for
prevention of oral cancer. Eur J Cancer Prev 13: 39–45.

93. Guha N, Warnakulasuriya S, Vlaanderen J, Straif K (2013) Betel quid chewing

and the risk of oral and oropharyngeal cancers: A meta-analysis with

implications for cancer control. Int J Cancer.

Meta-Analysis of Smokeless Tobacco and Betel Quid with Oral Cancer

PLOS ONE | www.plosone.org 14 November 2014 | Volume 9 | Issue 11 | e113385


